Of all the surgically treated posterior communicating artery (PcomA) aneurysms, only a few cases are in need of anterior clinoidectomy for reasons such as poor operative visual field, unmovable ICA, and limited space for temporary or permanent clipping (Fig. 1) . However, if not prepared when necessary, the surgical procedure will be very complicated. Therefore, preoperative awareness of the need for ACP removal is of utmost importance to prevent a disastrous outcome. In this study, we investigated the predictive value of anterior clinoidectomy before surgery for PcomA aneurysm clipping.
PATIENTS AND METHODS
We retrospectively reviewed all surgically treated cases of PcomA aneurysms in our institute from May 2002 to May 2008. This consisted of 115 PcomA aneurysmal clipping procedures in 112 patients. Twentyone of these cases were excluded because of absence of computed tomographic angiography (CTA) or 4-vessel digital subtraction angiography (DSA), leaving 94 aneurysms in 93 patients. An anterior clinoidectomy was performed in 6 aneurysms in 6 patients. Images from preprocedural CTA and DSA were reviewed.
We attempted to predict the necessity of anterior clinoidectomy by analyzing CTA and 4-vessel angiography. Because direct measuring of the distance from the aneurysmal neck to the ACP is not possible and mostly inaccurate, we decided to indirectly measure the distance between the aneurysmal neck and the ACP on coronal and sagittal source images (Fig. 2) . In the CTA, we reviewed axial and sagittal source images, which form right angles with each other. The distance between the ACP and aneurysmal neck was measured on axial and sagittal CTA source images, and the real distance "A" was calculated using the Pythagorean theorem (Fig. 3) .
In 4-vessel DSA, we reviewed Towne anteroposterior (AP) and true lateral views. Towne AP was controlled at 30 degrees angled from the orbitomeatal line. The ICA was divided into 7 segments (Fig. 4) as described by Bouthillier et al. (3) . On these images, we measured and recorded several angles that could reflect the tortuosity of the ICA, as follows: on the Towne AP view, we measured and recorded the angles between: 1) perpendicular line to cranial base and axis of the communicating ICA (C7) ("B"), 2) C7 and ophthalmic ICA (C6) ("C"), 3) C7 
FIGURE 1. Pre-(A) and postclinoidectomy (B) photographs of a posterior
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and axis of aneurysm ("D"), and 4) perpendicular line to cranial base and axis of aneurysm ("E"). On the lateral view, we measured and recorded the angles between: 1) C7 and C6 ("F"), and 2) C7 and axis of aneurysm ("G") were measured (Fig. 5 ). On 4-vessel angiography, most straight courses of each ICA segment were selected as axes of ICA segments.
We compared these parameters between the anterior clinoidectomy and nonclinoidectomy groups. Student's t test was used to assess the differences in the estimated data between the 2 groups. Simultaneously, the Mann-Whitney U test was appraised because of the small number of cases in the anterior clinoidectomy group. A P value of less than 0.05 was considered statistically significant.
RESULTS
The mean age of patients in the study group was 57.0 Ϯ 11.6 years (age range, 29-73 years), and 34 patients were men and 59 women. The mean value, standard deviation, and P value of each parameter of the 2 groups are shown in Table 1 . The results show that the 3 following parameters were statistically significantly different.
First, the calculated distance "A" was 4.4 Ϯ 0.7 mm (range, 3.4-5.1 mm) in the anterior clinoidectomy group, whereas the nonclinoidectomy group showed 7.2 Ϯ 1.4 mm (range, 5.4-8.5 mm) (P ϭ 0.03 in the Student's t test and 0.02 in the Mann-Whitney U test).
Second, the angle "B" was larger in the anterior clinoidectomy group than in the nonclinoidectomy group. The mean angle was 62.5 Ϯ 4.6 degrees (range, 58-71 degrees) in the anterior clinoidectomy group and 50.9 Ϯ 10.7 degrees (range, 17-64 degrees) in the nonclinoidectomy group (P ϭ 0.01 in the Student's t test and 0.03 in the Mann-Whitney U test).
Third, the angle "C" was much smaller in the anterior clinoidectomy group than in the nonclinoidectomy group. The mean angle was 66. group (P ϭ 0.03 in the Student's t test and 0.01 in the MannWhitney U test). Each value of parameters A, B, and C of the 6 patients who needed ACP removal is shown in Table 2 . There were variable reasons for ACP removal. In 3 of 6 patients, the ACP covered aneurysms partially or totally. The other 3 patients required an ACP resection for securing the space of a permanent or temporary clip.
DISCUSSION
Resection of the ACP has become a valuable surgical adjunct during vascular neurosurgery, evolving through a number of technical modifications and indications (5, 7, 9, 13, 19, 21, 26, 27) . As mentioned above, even though few cases need ACP removal during PcomA aneurysm surgery, the surgical procedure will be more complicated if it is not anticipated when needed.
Shear stress and wall tension can cause vascular remodeling by triggering up-regulation of genes in endothelial cells. Vascular remodeling in turn can result in vascular pathologies (23) . Particularly, the twisted segments of the ICA inside the parasellar region are frequently affected by vascular diseases (2, 6, 12, 15, 16, 22) .
Chrzanowski (4) reported that the ICA angle (angle B in our study) ranges from 20 to 43 degrees (average, 31.5 degrees) in 100 normal subjects, which is smaller than those measured in the control group of our study (51.6 Ϯ 10.8 degrees). This might reflect the differences in population used in the 2 studies. In our series, the patients were older and some had ruptured aneurysms and/or atherosclerosis. Another difference might be the angle of the x-ray beam, which was the Towne AP view in our study; however, this information was not provided in Chrzanowski's article.
In the case of internal carotid-PcomA aneurysmal clipping, the potentiality of predicting whether the anterior clinoidectomy was needed by 4-vessel angiography was first mentioned by Ochiai et al. in 1989 (20) . In the study by Ochiai et al., anterior clinoidectomy was necessary in 3 patients with internal carotid-PcomA aneurysms. The authors noted that the distance between the posterior wall of the carotid "knee" of the clinoid ICA and the proximal neck of the aneurysm on lateral angiography in 3 cases of ACP resection was shorter than 9.6 mm. However, this result is inaccurate in that the distance on a 2-dimensional lateral view cannot reflect the real distance of 3-dimensional space. The authors also measured 2 angles on DSA (the same as angles B and C in our study) and described that angle B was more than 59.3 degrees and angle C was less than 85.0 degrees in 3 cases of anterior clinoidectomy. However, the number of cases was too small to reveal any statistical significance.
In the 4-vessel angiographic images, we measured several angles on Towne AP and true lateral views, which can be taken easily. Because the intracranial ICA is a twisted structure like a rollercoaster, it is not easy to measure the real angle between each segment of the ICA, and there would be variabilities. Because the angles between ICA segments change markedly according to the angle of the x-ray beam, Towne angle was controlled at 30 degrees from the orbitomeatal line, to minimize variability. Although our study also has a limitation in that the number of cases is not sufficiently large, the results showed statistical significances, and the distance between the aneurysmal neck and the ACP in our study is expected to reflect the real distance more accurately. If the aneurysmal neck is close to the ACP, there would not be enough space for a temporary or permanent clip unless an anterior clinoidectomy is performed. Andaluz et al. (1) measured the exposure enhancement of the ICA C6 segment by anterior clinoidectomy of the C6 segment of the ICA in a study with cadavers, and found mean increases of 60% on the lateral C6 segment of the ICA and 113% on the medial C6 segment.
Concerning the intracranial ICA course, the cavernous ICA runs medially, and the ophthalmic-communicating ICA exits from the medial side of the ACP to the lateral direction to form an ICA bifurcation. Our results showed a statistically significant difference in distance A, angle B, and angle C between the 2 groups. Angle B was larger and angle C was smaller in the anterior clinoidectomy group than in the nonclinoidectomy group. These facts reflect that the origin of the PcomA would also be at the deeper side of the cranial base as the cavernous ICA runs closer to midline, and the necessity of anterior clinoidectomy would be increased.
CONCLUSIONS
In this study, the anterior clinoidectomy group showed more acute curvature of the distal segment ICA and closer ACPaneurysm distance than the non-anterior clinoidectomy group. Our results indicate that not only the measurement of the distance from the aneurysm to the ACP, but also evaluation of the tortuosity of the ICA, provide valuable parameters to predict the necessity of ACP removal in PcomA aneurysm surgery.
Disclosure
that space is crucial when one is dealing with the aneurysm. The same importance is also carried by the parent vessel-diseased or healthywhich may be (but is not, as a rule) assessed in the whole spectrum before surgery. The absolute distance of differently shaped PComA aneurysms is of crucial importance for what can be done during surgery to avoid any displacement of the parent or daughter arteries.
It goes without saying that, in elderly people, the parent artery (internal carotid artery [ICA] and/or PComA) may be sclerotic and hard, and that is why manipulating it is extremely dangerous, for obvious reasons: rupture of the aneurysm and/or rupture of the ICA and/or PComA. One must keep in mind that, in larger and, in particular, "angry" PComA aneurysms, maneuverability of the aneurysm is very dangerous. The prerequisite for better control is in extradural anterior clinoid process (ACP) removal. One may object to this discussion, as one may object to the surgery for this kind of aneurysms in general. And if so, then also for endovascular treatment-stenting and coiling-the special orientation and assessment are also very welcome.
Without going into the details of presenting measurements, I would suggest performing extradural ACP resection in all cases when the aneurysm is close to 1 cm in its longest diameter. It goes without saying that, for any carotid-ophthalmic aneurysm, resection of the ACP is highly recommended. And while one is recommending the extradural extirpation of the ACP in PComA aneurysms, then it is also important to calculate the distance between the dura (the dural distal ring) and the origin of the PComA, which may be at a shorter or longer distance from the dura. In addition, different configurations of the aneurysm further complicate the management of this pathology.
All in all, if the ACP is resected extradurally, in aneurysm surgery of the first intradural segment of the ICA, even in some cases where it is not necessary, it is incomparably less problematic than if the ACP is not resected when it should be. In such a case, severe neurological deficits may occur, and a lethal result is not excluded. The pathomorphological study and measurement in cases of PComA aneurysms, as presented here, should be highly respected and will have a very beneficial impact on aneurysm surgery as well as on endovascular treatment.
Vinko V. Dolenc Ljubljana, Slovenia
T his study provides an interesting anatomic discussion of the relationship of the ACP to PComA aneurysms. However, the value of preoperative prediction of anterior clinoidectomy seems very limited. After surgical exposure of the aneurysm, if satisfactory proximal carotid control or visualization of the neck is obscured by the anterior clinoid, then drilling the clinoid is required. This maneuver is rarely required for PComA aneurysms, but the surgeon should always be prepared to drill the anterior clinoid with any paraclinoid aneurysm.
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